Purpose. To quantify the relationship between pregnancy weight gain with early and late preterm birth and evaluate whether associations differed between non-Hispanic (NH) black and NH white women. Methods. We analyzed a retrospective cohort of all live births to NH black and NH white women in the U.S. 2011-2015 (n = 10,714,983). We used weight gain z-scores in multiple logistic regression models stratified by prepregnancy body mass index (BMI) and race to calculate population attributable risk (PAR) percentages for the contribution of high and low pregnancy weight gain to early and late preterm birth.
INTRODUCTION
In 2015, one in every eight non-Hispanic (NH) black infants in the U.S. was born preterm (< 37 weeks' gestation) compared with one in every 11 NH white infants. 1 This difference was even greater for early preterm birth; one in every 32 NH black infants was born < 32 weeks' gestation compared with one in every 79 NH white infants. 1 The magnitude of this black-white disparity in preterm birth has persisted throughout the past decade and is not explained by socioeconomic factors. [2] [3] [4] Prepregnancy body mass index (BMI) and weight gain during pregnancy may be modifiable contributors to preterm birth and racial disparities in preterm birth rates. [5] [6] [7] Higher rates of preterm birth have been consistently observed in women who are underweight or obese before pregnancy as well as in women who gain little or no weight during pregnancy. [6] [7] [8] [9] [10] Additionally, a higher proportion of women who identify as NH black or African American begin pregnancy obese and, if underweight or normal weight, gain below the Institute of Medicine (IOM) gestational weight gain recommendations, compared with NH white women. 11, 12 Previous studies of weight gain and preterm birth have been limited by the methods available to account for the fact that women who deliver preterm have less time to gain weight during pregnancy, and these studies have not focused on racial/ethnic differences except in very limited study samples. [13] [14] [15] In this national study, we used gestational weight gain-for-gestational age zscores to assess, by prepregnancy BMI category: (1) if gestational weight gain is associated with early and late preterm birth, and (2) if such associations differ between NH black and NH white women.
MATERIALS AND METHODS Data and Study Design
We used data from the 2011 to 2015 U.S. Birth Data Files created by the National Center for Health Statistics (NCHS Gestational weight gain was the difference between maternal delivery weight and prepregnancy weight. We converted maternal weight gain into weight gain-forgestational age z-scores using charts previously created by our team using serial prenatal weight measurements from women in Pennsylvania with healthy, term, singleton births.
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The charts are prepregnancy BMI-specific (separate charts for underweight through obesity class III categories) because optimal weight gain varies by prepregnancy BMI. 6 We categorized the continuous z-scores as < -1 standard deviation (SD) (low), -1 SD to +1 SD (moderate), and > +1 SD (high) weight gain. For a normalweight woman at 40 weeks' gestation, these categories are equivalent to < 11.2 kg, 11.2-23 kg, and > 23 kg, respectively. trimester of entry to prenatal care, interpregnancy interval < 6 months, average number of cigarettes smoked per day in pregnancy, and parity).
Data Analysis
First, we descriptively analyzed prenatal characteristics and calculated crude rates of early and late preterm birth by maternal race. We also calculated crude rates of early and late preterm birth within each subgroup of maternal race, prepregnancy BMI, and pregnancy weight gain. Next, we estimated associations of categorized weight gain z-scores with early and late preterm birth using multiple logistic regression models. Risk of early preterm birth was calculated over all live births and risk of late preterm birth was calculated over live births ≥ 32 weeks' gestation. We used inverse probability weighting with stabilized weights to correct for missing covariate data because 11.2% of the sample was missing information on at least one covariate. 21 Individual covariate missingness ranged from 0-4% (median 0.7%). Population attributable risks (PAR) were calculated with the final multiple logistic regression models by the module "regpar" and PAR percentages were calculated with the same models by the module "punaf" in Stata version MP 14.1 (StataCorp, College Station, TX). 22, 23 Because of the large sample size, clinical significance was determined by the magnitude of effect estimates and width of confidence intervals in addition to p-values.
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RESULTS
The crude early preterm birth rate was 2.5 per 100 live births among NH black women, and 0.9 among NH white women. The crude late preterm birth rate was 11.6
per 100 live births in NH black women and 7.2 in NH white women. Two-thirds of NH black women and nearly three-quarters of NH white women gained weight within the moderate range (Table 1) . A higher proportion of NH black women were overweight or obese prepregnancy, delivered as adolescents, did not have private health insurance, and had a high school education or less, compared to NH white women. A higher proportion of NH white women smoked during pregnancy. Tables 2 and 3 display the crude rates of early and late preterm birth, respectively, stratified by race, prepregnancy BMI, and weight gain. The early preterm birth rate was lowest (0.6%) in NH white women who were normal weight prepregnancy and gained weight within the moderate range (equivalent to 7-15 kg at 28 weeks and 11-23 kg at 40 weeks) and highest (5.8%) in NH black women with class III obesity and high weight gain (equivalent to > 13 kg at 28 weeks and > 21 kg at 40 weeks) ( Table 2 ).
The late preterm birth rate was also lowest (6.2%) in normal-weight, NH white women with moderate weight gain and highest (17.7% and 18.5%, respectively) in obese class III, NH black women with high weight gain and in underweight, NH black women with low weight gain (equivalent to < 7 kg at either 28 or 40 weeks) ( Table 3 ). For every combination of prepregnancy BMI and gestational weight gain, early and late preterm birth rates were higher in NH black women than in NH white women. In adjusted analyses, the PAR and PAR percentages for early preterm birth were significant for high -but not low -weight gain during pregnancy for both NH black and NH white women with prepregnancy obesity (Table 4 ). High and low weight gain conferred increased population risks of early preterm birth in non-obese women, but low weight gain was most important among underweight women and high weight gain was most important among overweight women. For high weight gain in all BMI groups, the PAR and PAR percentages were higher in NH black women than in NH white women.
For early preterm births among NH black women, the PAR for high gain ranged from 1.9 to 3.0 and the PAR percentage ranged from 7.8% to 10.2%. That is, if 100 NH black women gained weight during pregnancy within, instead of above, the moderate range, a reduction of 2 to 3 -or 8% to 10% of -early preterm births could be expected, depending on prepregnancy BMI. In contrast, we estimated that if 100 NH white women gained weight during pregnancy within, instead of above, the moderate range, a reduction of fewer than 1 early preterm births (6% to 8%) would be expected. For low weight gain and early preterm birth, the PAR percentage in underweight women was higher in NH black than NH white women, but the PAR percentages in normal-weight and overweight women were higher in NH white than NH black women. Table 5 shows that low pregnancy weight gain in non-obese women and high weight gain in all women were associated with late preterm birth. For all of these associations, the PAR was higher in NH black women than in NH white women, but the black-white differences in PAR percentages were small or nonexistent. The PAR for high weight gain and late preterm birth ranged from 3.2 to 7.9 in NH black women and from 2.5 to 5.5 in NH white women, depending on prepregnancy BMI. The PAR percentage ranged from 2.4% to 6.5% in NH black women and from 2.8% to 6.8% in NH white women.
DISCUSSION
In this national study of more than 10 million recent live births to NH black and NH white women in the U.S., moderate weight gain during pregnancy was associated with a significantly lower risk of both early and late preterm birth in all BMI groups.
Preventing high pregnancy weight gain was estimated to have a greater impact on the population risk percentage of early, but not late, preterm birth in NH black women than in NH white women. Our findings on the associations between gestational weight gain and preterm birth are difficult to compare with prior evidence because almost every study has defined weight gain differently. 6, 7 Most studies measure total weight gain, but using total gain in analysis induces a biased association between low gain and preterm birth because women who deliver preterm have less time to gain weight. 15 Some studies have used various approaches to address this bias, the most common being the division of total gain by gestational age to approximate weekly rate of gain. [6] [7] [8] [9] However, this approach is still biased because it over-attributes gain to the first trimester, when the rate of gain is lower.
6,15
The weight gain-for-gestational age z-scores used in this study improve upon these past approaches by standardizing weight gain for gestational age, similar to fetal weight z-scores. 17, 18, 25 Overall, our results using the z-scores in the U.S. population of NH black and NH white women corroborate substantial evidence of an association between low gain and preterm birth in underweight and normal-weight women. 6, 7 In addition, our study clarifies prior mixed evidence that high weight gain is a risk factor for preterm birth in women of all BMI groups and that low weight gain is not a risk factor in obese women. [6] [7] [8] [9] [10] 26 There is very limited previous knowledge on how weight gain during pregnancy may be related to differences in preterm birth between NH black and NH white women. 13, 14 Previously, one study found low weight gain was more strongly associated with preterm birth in NH white women than in NH black women, 14 while another found the association to be stronger in NH black women and that high weight gain was only associated with preterm birth in NH black women. 13 However, both of these studies were conducted among relatively small samples of non-obese women who delivered more than 15 years ago and did not separately evaluate early and late preterm birth.
Using population attributable risk percentages, our study did not find evidence that the impact of weight gain on late preterm birth differed between NH black and NH white women. We did, however, find that the estimated impact of high weight gain on early preterm birth was highest in NH black women. Early, compared to late, preterm birth may be etiologically distinct, represents a much larger black-white disparity, and accounts for a substantial proportion of infant deaths and acquired developmental disabilities.
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Although we did not have data to study biological mechanisms, current evidence suggests that multiple proximal and distal factors may interact to cause the black-white disparity in early preterm birth.
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Chronic stress, in particular, has been implicated in altering the endocrine and immune systems, leading to higher rates of preterm birth in NH black women than in NH white women.
Such factors could compound effects of high weight gain during pregnancy or independently affect both weight gain and preterm birth. In our study, we also found PAR percentages for low pregnancy weight gain and early preterm birth to be higher in NH white than in NH black women who were normal-weight and overweight, supporting a similar finding by Hickey et al.
14 in non-obese black and white women. This observational study has several limitations. Because we only included NH black and NH white women to focus on the black-white disparity in preterm birth, our results are not generalizable to other races and ethnicities. Maternal BMI and weight gain may have different effects on spontaneous and medically indicated preterm births, 10, 13 but it was not possible to validly distinguish these births using vital records. 27 We were also unable to assess potential mediators of the association between weight gain and preterm birth, such as pre-eclampsia, or exclude infants with congenital anomalies because of inconsistent reporting on the birth certificates. 27 Missing data and reporting errors are also weaknesses of the birth certificate data and self-reported prepregnancy weight and height may have resulted in some misclassification of prepregnancy BMI and gestational weight gain. Results from a recent systematic review suggest that misclassification due to self-report may have minimal impact on study findings, but we did not test this assumption in the current study. 28 Birth certificate data allow the calculation of total gestational weight gain, but precluded us from assessing pattern of weight gain or using time-to-event analysis. 14, 29, 30 Previous studies have reported mixed findings on the pattern of weight gain and preterm birth, which will require further study in other datasets. 14, 29, 30 Recently, a multicountry, prospective study found that weight gain z-scores in healthy pregnancies were similar across populations, 31 which suggests that the z-scores applied in our studyalthough developed in a U.S. subpopulation -may be appropriate to use in other populations. However, we could not test this assumption. 32 The limitations of this study are counterbalanced by a number of strengths. The study sample was drawn from all births in the U.S. from 2011 to 2015, making the results highly generalizable to the contemporary U.S. population of NH black and NH white women. The size of the study sample also provided sufficient statistical power to study the associations between a wide range of weight gain amounts and early and late preterm birth across six categories of prepregnancy BMI in NH black and NH white women. Our use of weight gain-for-gestational age z-scores accounted for the dependence of gestational weight gain on gestational duration, which has previously prevented valid assessment of weight gain and preterm birth. 15 In 2009, the IOM revised guidelines for weight gain during pregnancy to no longer recommend higher weight gain in black women, and to include a specific, relatively narrow range of recommended gain in obese women. 6 There were limited data to guide these recommendations and the IOM report called for additional research. Our study responds to this need and may be useful for future weight gain guidelines by investigating the relationships between weight gain, maternal race, and prepregnancy BMI. Additionally, our results add to evidence that improving maternal weight gain could reduce the risk of preterm birth. 6, 7 Although behavior change is challenging, there is growing evidence that moderate weight gain can be promoted effectively.
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As a recent example, Herring et al. 34 found in a pilot randomized clinical trial that socioeconomically disadvantaged, African-American women who received a behavioral intervention were half as likely to gain weight above the IOM guidelines as women who received usual prenatal care. In a similar study population, Schulman and Kottke 35 reported that a pregnant woman's accurate knowledge of her recommended range of weight gain was associated with appropriate weight gain, but only 27% of women were aware of their recommended gain. Provider advice about gestational weight gain has been strongly associated with actual weight gain, but the majority of pregnant women -particularly those with a low BMI -do not receive accurate advice on weight gain. [35] [36] Moreover, the built and social environments in which women live and work are likely contributors to their ability to gain a healthy amount of weight in pregnancy. 6, 37, 38 Our study findings highlight the need for continued research to determine how moderate weight gain during pregnancy can best be promoted at individual, community, and policy levels. Although our results are not from an intervention, they suggest that women achieving moderate weight gain could help meet the Healthy People 2020 goal of reducing preterm birth in the U.S. by 10%, as well as reduce the gap in early preterm birth rates between NH black and NH white women. Weight gain categories are defined using z-score values as low (<-1 standard deviation), moderate (-1 to 1 SD), and high (>+1 SD). Weight gain categories are defined using z-score values as low (<-1 standard deviation), moderate (-1 to 1 SD), and high (>+1 SD). 
